Abstract
Introduction
The characteristics of microorganisms that are criterial in assessing the microbiological safety of food, of the methodology and methods for identifying biological pollutants occurring in food products -agents of foodborne infections and poisoning, identifying a potential danger to the consumer with accelerated and reliable methods for controlling food safety, are relevant.
The aim of the research is to investigate the criteria indicators of sanitary quality and food safety, methodology and methods for accelerated control of thermally stable regulated microorganisms -potential causative agents of food poisoning.
Microbiological criteria for food safety. Biological hazards are the main ones in assessing the degree of risk if they are caused by the presence of microorganisms in foodstuffs such as bacteria or products of their vital activity, toxigenic molds, viruses; parasites -helminths and protozoa, as well as insects that are potential carriers of pathogenic microorganisms [1, 2, 3] . According to statistics, annual economic losses due to diseases caused by several pathogenic microorganisms in the US amount to 35 billion dollars, in Australia -up to 2.6 billion Australian dollars, and social losses are irreplaceable [4, 5] . The reason for increasing the level of biological hazards is the modern fashion for the consumption of raw or minimally cooked food, the increase in the share of products of animal origin, improperly prepared or stored long before consumption, through the expansion of international trade in new types of food raw materials that have changed the overall a picture of microbiological hazards, a modification of the microorganisms themselves [5] [6] [7] .
The Codex Alimentarius Commission has developed guidance documents CAC/GL 21, «Principles for the Establishment and Application of Microbiological Criteria for Food Products», CAC/GL-30 «Principles and Guidelines for Microbiological Risk Assessment», where requirements for microbiological safety of food are set out, as well as microbiological criteria establishing general risk assessment rules that can be used are indicated [8] [9] [10] : -to check the conformity of the technological process with the requirements of good hygiene practice (GHP) and GMP (good manufacturing practice) -good manufacturing practices and hygiene practices; -to determine the suitability or unsuitability of the product or batch of products presented for delivery to the market or already in the sphere of trade; -to determine the acceptability or unacceptability of new products and new technology in terms of ensuring microbiological safety; -to develop trade agreements between the supplier and the recipient of the products.
General considerations regarding the principles for the development and application of microbiological criteria for different types of food are given in the Codex Alimentarius CAC/GL 21 document and other EU policy documents, for example, in the report of the EU Commission «On the strategy for selecting microbiological criteria for food in the EU food legislation», in the EU Guidelines 2073 «On Microbiological Criteria for Food», as well as in the guidelines of the Federal Food and Drug Administration (USA) [1, 4, [11] [12] [13] : -if it is a question of products with a short shelf life or products of increased demand that are not delayed in the trade network, the method used must be fast enough so that the time taken to obtain information about the safety of the product does not exceed the period of storage or shelf life;
-microbiological criteria should be established only when there is a need for them (for example, in connection with a special epidemiological situation); -when determining the criteria, such circumstances as the actual or potential health hazard, the microbiological status of the raw material, the influence of technological methods on the microbiological status of the finished product, the possibility of recontamination of the finished product or the possibility of microorganisms developing in it at subsequent stages of the technological or life cycle, category of consumers, for which the product is intended, the way in which the product is used, the ratio between the costs of control and profit; -both pathogenic and indicator organisms can be used as controlled microorganisms;
Instead of microorganisms, their toxins can be controlled; -in cases where the pathogens themselves can be isolated reliably, preference should be given to their direct control, and not to indirect monitoring by indicator microorganisms; -as for the choice of analytical methods, it should be borne in mind that for carrying out comparative tests in different laboratories only those methods can be used whose reliability is as far as possible estimated, i.e., statistical indicators of the accuracy of the results obtained, convergence and reproducibility of the analysis results, In different laboratories of comparative trials can only be used; -test methods intended for use in controversial situations should have greater selectivity and reproducibility of results than the methods used in the production environment (which, in return for these qualities, should have other advantages, such as speed and ease of obtaining the necessary information); -the limits should be established not for individual products but for groups of homogeneous products, and therefore should be based on the input data obtained for all such products manufactured under the operating conditions of the HACCP system and GMP-good manufacturing practices; -when establishing microbiological criteria, consideration should be given to the possibility of changing the microflora of the product during its storage during the specified shelf life, as well as during its redistribution, taking into account the conditions for storage and transportation of the product, as well as the process of its preparation for use (if it is required); -if the microbiological criterion requires a lack of a microorganism in the product, the mass or volume of the analytical sample and the number of analytical samples must be indicated. Modern sources note [4, 7, 12] that selective control of finished products by microbiological indicators can not provide the required security guarantees. The necessary level of microbiological safety of food products can be achieved only through measures of a preventive nature and mainly through compliance with and control of sanitary norms and rules, and through the application of control procedures based on the principles of hazard analysis and control of critical points in the processing and redistribution processes food (implementation of the principles of the HACCP system) [12] .
Requirements for the biological safety of food products. [1, 2] .
The subject of constant supervision should not be absolutely all the listed microorganisms, viruses and parasites. Modern food safety systems require control only over the most dangerous sources of risk, different for different types of food products. Therefore, one of the key stages in the development of a security management system, including HACCP systems for each specific type of food, is to assess the magnitude of the risk and to decide whether or not a particular control effort is appropriate.
Particular attention from these positions should be given to long-term storage products -to various types of canned, dried foods, semi-canned foods. Depending on the type of heat treatment -sterilization, sub-sterilization, pasteurization or hot packing, the residual microflora can be represented by different types of microorganisms [16, 17] . The causative agents of food poisoning, found among the residual and secondary microflora of full canned food, are sporiferous microorganisms (Clostridium botulinum, Bacillus cereus, Clostridium perfringens), and in semis -also staphylococcі (Staphylococcus aureus).
Materials and methods
The methodology and methods for assessing the safety of products with the use of classical methods for determining phenotypic indicators of regulated microorganisms were investigated. There were such parameters of regulated microorganisms studied as morphological, tinctorial, cultural, biochemical, physiological, some chemotaxonomic properties (some of them listed in Table 1 ) [5, 12, 17-19, 21-23, 25-26, 36] and others. Methods for rapid determination of regulated microbiological parameters that identify the presence of heat-resistant food pathogens diseases are based on the determination of molecular genetic features [24, 31-32, 37-38, 44-52] . The analytical studies are performed on the basis of modern literary sources and some of own results [27, 34, 35, [39] [40] [41] [42] .
Results and discussion
Characteristics and traditional methods of diagnosis of regulated microorganisms, which are the causative agents of food poisoning
A brief generalized phenotypic characteristic of the causative agents of food poisoning that occur in the residual and secondary microflora of products of long-term storage, as well as their effect on the properties of food products, are given in Table 1 [5, 12, 17-19, etc] . Morphology and tinctorial features, which are given in Table 1 , a number of physiological and some biochemical properties of regulated microorganisms that are the causative agents of food poisoning, as well as the classical methods for their determination, indicate a sufficiently profound study of these microorganisms. However, despite the popularity and standardization of methods, their disadvantage was low compared to the required promptness to obtain the necessary information (7 days for the identification of C. botulinum and when using the fastest biological test with mice, 48 hours). Standardized methods of analysis of C. perfringens (ISO 7937) provide for bacteriological culture, and serological analysis is used to detect enterotoxin. The duration of the procedure is 3 days. In determining trace amounts, for example, of staphylococcal enterotoxin in food products, the toxin should be isolated and concentrated before its serological identification. Currently, express methods based on the use of monoclonal antibodies, which have high efficiency, are being developed, since it is possible to detect toxin concentrations of the order of 1 nanogram per gram of food product.
Identification of pure cultures (up to the species of microorganism) is carried out taking into account the morphological, tinctorial, cultural, biochemical, toxigenic and antigenic properties of the microorganism [20] [21] [22] . The used (classical) B. cereus identification method is based on the isolation of pure culture on the MYP medium of the Mossel-yolk agar with mannitol, polymyxin and phenol red, and subsequent biochemical testing of the isolated culture [23] , which requires of a considerable time [24] . In this regard, the question of developing an accelerated reliable method of identification of B. cereus is still relevant.
To identify individual species, immunological methods are often used. They are the agglutination reaction, immunoelectrophoretic analysis of antigenic components, immunofluorescence methods [1, 2, 23] . Most studies involve the determination of susceptibility to antimicrobial agents in the isolated pathogen. For the epidemiological assessment of the role of the microorganism, an intraspecific identification is carried out by the definition of phage, biovars, resistants, etc. Such studies are material and laborintensive, long-lasting, often do not correspond to the shelf-life of food products and, as we noted in studies, do not always allow the microorganism to be accurately established.
The need to improve methodological approaches to the diagnosis of these microorganisms is necessary, and among the methods of microbiological control of food production a special place should be taken by precise, relatively rapid molecular genetic methods.
Molecular genetic methods of microbiological control of regulated microorganisms
The use of molecular genetic methods for the sanitary control of food safety is a relatively new approach in the genotypic diagnosis of regulated microorganisms. Foreign and domestic scientists developed DNA analysis technologies that include DNA methods, in particular, polymerase chain reaction (PCR), multiplex PCR, reverse transcription PCR, qualitative or quantitative real-time PCR with various fluorescent systems. TagMan probes, SYBR Green et al., DNA hybridization methods, in particular FISH, as well as isothermal amplification (RSA, SDA) [24] [25] [26] [27] . Such methods can be used in practice in the sanitary control of food products in establishing their safety by identifying pathogenic and opportunistic pathogens of foodborne infections and toxic infections, monitoring the quality of raw materials and the technological process of its processing. Molecular genetic methods can be used in scientific forecasting when studying regulated microorganisms and evaluating microbiological risks, as well as for identifying nucleotide sequences-toxicity genes responsible for the pathogenic properties of microorganisms [28] [29] .
There are test systems for the microbiological analysis of clostridia and other anaerobes [30] : F5110 SureFast® Clostridium botulinum Screening PLUS, F5123 SureFast® C. perfringens Screening PLUS, based on DNA determination by PCR, which, according to the developer, are the most accurate way to determine Microorganisms.
Currently, seven serologically different types of neurotoxins (A, B, C, D, E, F and G) are known to be produced by the corresponding strains of C. botulinum, which have similar sizes and molecular organization. These are large enough proteins, consisting of two polypeptide chains -light (50-59 kDa) and heavy (85-105 kDa), which block the release of the mediator -acetylcholine. Despite the fact that botulism has been known for more than 200 years, at present the detailed mechanism of neurotoxins at the molecular level has not been sufficiently studied. It is believed that the neuroparalytic effect of the toxin is achieved as a result of the passage of 3 stages: the binding of a toxic molecule to the membrane surface, the energy-dependent penetration of a part of the molecule into the cell and the inhibitory stage. Medicines against botulism do not exist now [31] . It is believed that human botulism is caused by four types of neurotoxins A, B, E and F. In addition to the classic strains of C. botulinum, it has been found that other microorganisms, for example C. butyricum, producing the type E neurotoxin, may be the cause of botulism and С. barati, producing neurotoxin type F.
As noted in [31] , a PCR method for the identification of C. botulinum types A and B has been developed, which has high specificity and sensitivity (1 pg DNA), which can be used in diagnostic laboratories to identify these microorganisms. The PCR method is simple in execution, it ensures quickness of the results (less than 5 hours from the beginning of the study) and is especially convenient in cases when it is necessary to test a large number of samples.
As is known, C. perfringens is the causative agent of food-borne diseases, necrotic enteritis, gas gangrene [32, 33] . Strains B and D produce Ɛ-toxin, which leads to edema of the organs due to the formation in the cells of the channels through which the potassium ions emerge. Strain A causes food-borne diseases. There is a priority method for the PCR determination of C. perfringens [34] , as well as the methodology for conducting research [35] .
In addition, in the literature, there is sufficient information on the pathogenic properties and methods of determining Staphylococcus aureus [36] [37] [38] .
Particular attention is currently being paid to bacillary pathogens of foodborne diseases, because, thanks to the development of molecular genetic methods, it has become known that not only microorganisms of the Bacillus cereus group (including 6 representatives), but a number of other bacilli are capable of producing toxicity genes [1, 2] . As noted in [23] , during the study of 114 samples of raw milk for the presence of bacilli, it was found that the bacilli (B. cereus, B. subtilis) were preserved even after heating for 10 minutes at 80 °C, in 21% of samples from pasteurized ham samples microorganisms of the genus Bacillus (the most common were B. cereus, B. subtilis, B. licheniformis), and sporeforming B. cereus were isolated from boiled sausages. It is indicated that 95 strains of bacilli were isolated and identified from wheat flour. Among the 53 strains isolated from the cooled dough, 24 strains were B. subtilis, 17 were B. cereus, 10 were B. pumilis, 2 were B. licheniformis. Our studies also show an abundance of bacillary contamination of plant [39, 40] and animal products [41, 42] .
The presence of B. cereus or its toxins in food products is identified by morphological, biochemical, serological (ELISA), chemo-taxonomic and molecular genetic (PCR) methods [43] . It is possible to detect a toxin that causes vomiting, with the help of animal models (cats, monkeys) and cellular ones. The most common classical method of B. cereus identification is based on the isolation of pure culture on the MYP medium (the Mosellyolk agar), and subsequent biochemical testing of the isolated culture [23] . However, the instability of B. cereus enzymatic reactions hampers the interspecies differentiation of the bacteria of the first morphological group of the genus Bacillus and, in addition, requires considerable time-consuming [44] . In this regard, the question of developing an accelerated reliable method of identification of B. cereus is still relevant. Under experimental administration, the subcutaneous method of B. cereus is caused by disorders of the function of the gastrointestinal tract, lethargy, inhibition of movements. With the introduction of large doses of these microorganisms, the disease develops sharply, with a rapidly advancing (10 -16 h) lethal outcome. At morphological research in organs of the fallen animals hemorrhages, inflammatory and necrotic changes are observed. To the greatest extent these lesions are recorded in the intestines, liver, heart muscle and in the brain. The authors [23] based on the traditional method developed a new scheme for isolating B. cereus, dividing the objects of the study into 2 groups, depending on the form in which the causative agent (vegetative or spore) is located. This scheme allows typing of B. cereus pathogen within 4-5 days due to expansion by additional biological tests (Fig. 1) [23] . The scheme shown in Figure 1 , despite the length and laboriousness, does not make it possible to diagnose the presence of all bacillary representatives-carriers of toxicity genes capable of producing the corresponding toxins and confirms the need for an improved microbiological control methodology.
Modern works of a number of foreign researchers have shown that bacillary microorganisms synthesize genes that cause the ability of B. cereus to cause diarrheal and emetic syndromes [44] [45] [46] [47] . B. cereus causes diarrhea and emetic syndromes, producing various extracellular toxins, including the three main types of enterotoxins, namely hemolysin BL (hbl), nonhemolytic enterotoxin (nhe) and cytotoxin K (cyt K) [48] . Eight new pairs of PCR primers were developed and effectively detected eight toxin geneshblC, hblD, hblA, nheA, nheB, nheC, cytK and entFM) in 411 strains of B. cereus (121 and 290 isolated from food and soil) and 205 strains B. thuringiensis.
The presence of hblACD genes in all 70 tested isolates from ready-to-eat vegetables in South Korea, detection of one or more hbl genes in 23.5-70.6% of B. cereus group isolates from food products in Brazil, detection of hblA in all 57 B. cereus isolates from raw vegetable samples collected in Mexico City, detection of hblA and hblD in 72% of B. cereus isolates from retail spices in the USA, hblC in 71% of these isolates are noted in the literature and testify to the relevance of such studies [45, [47] [48] [49] [50] .
Recently, scientific works on the differentiation of living and dead cells of bacillary pathogens of food poisoning have appeared [51, 52] .
Among the strains of B. cereus, enterotoxigenic genes hbl A, nhe A, cyt K and Fm (enterotoxin FM) were widely spread. However, we selected only the nhe A gene for PCR, given its greatest prevalence and detectable visual toxicity, which is associated with a major role in food poisoning [39, 41, 42] . The PCR with specific primers nhe AF and nhe AR, matched to the site of the nhe A gene, confirmed the belonging of all tested collection strains of B. cereus to the enterotoxigenic species of B. cereus, whereas in PCR analysis of the DNA of the collection species G. stearothermophilus and Paenibacillus polymyxa and in negative control (PCR mixture without DNA), no amplification products were detected.
Thus, the substantiation of the methodology and the development of accelerated molecular genetic methods of microbiological control are relevant in improving the control of food safety.
Conclusions
Analysis of modern requirements for the sanitary safety of food has shown the need for microbiological control for the presence of heat-resistant microorganisms, which are potential pathogens of foodborne diseases.
Investigation of the control criterion microbiological indicators regulated types of microorganisms such as Clostridium botulinum, Bacillus cereus, Clostridium perfringens, Staphylococcus aureus showed failure phenotypic diagnosis due to the similarity of morphological and tinctorial properties within the individual groups, the variability of a number of biochemical parameters, weak antigenicity of a number of toxins, The emergence of new metabolic features associated with the ability to synthesize the toxicity genes by microorganisms, which are traditionally considered to be non-pathogenic, laborious and lengthy analysis.
Genotypic diagnostics of microorganisms using modern molecular genetic methods and methodologies that allow for accelerated microbiological control of food safety taking into account the characteristics of their composition and properties, the accuracy of identification, the ability to monitor and predict the behavior of infectious agents of foodborne infections and toxic infections in products in assessing microbiological risk are relevant, especially in the Ukrainian region.
